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1. INTRODUCTION 

Numerous countries, villages and towns utilise single-phase capacitor induction motors (SIMs) for 
various purposes. SIMs are used many domestic applications. They are preferred in applications that do not 
require a variable speed drive due to their low cost and rugged construction. SIMs are also commonly used as 
fans, compressors, a drive for low-power pumps and other instruments [1]. Various instruments in 
application homes use SIM because of its advantages, such as simple construction, convenient usage, easy 
transfer and low maintenance [2]-[5]. Recently, electrical power systems have presented many problems, 
including power outages, especially in countries suffering from long- and medium-term electricity cut-off 
[6], [7]. As a result, many people use another resource to supply power to their instruments and equipment. 
One of the most popular appliances is the inverter, which provides electricity by changing direct current (DC) 
to alternator current (AC) [8]-[12]. Induction motors are usually used in industries and are seen to be very 
sensitive to voltage harmonic waveforms. Furthermore, their efficiency and operation are significantly 
affected by the quality of power supplied to the machines. 
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Thorough experimental investigations are crucial, for analysing the induction motor’s current 
signature, to assess the failure prevention capacity and preventive maintenance diagnostics, in drive systems 
that utilize induction motors (IM). The results in [13] indicate that the recommended pulse width modulation 
(PWM) approaches fall short, when it comes to proportional-derivative (PD) PWM. Up to date literature in 
this area, documents descriptions on the diagnostic procedures for machines [14]. Also documented are the 
diagnostic techniques for bearings [15]. Diagnostic methods are based on several signals, such as electric 
current, vibration [16]-[18] and acoustic signals [5], [19], [20]. According to the experimental results, when 
the motor used different run capacitors in the different loads, bearing and armature faults give rise to 
distortions in the current wave [21]. A decrease in their efficiency would increase their losses. It was noted that 
when the output of these induction motors is set at a nominal value, their input power has to be increased. 

Recently, several works [22]-[24] studied and analyized IM monitoring in where various stator and 
rotor failures, their causes and detection methods. Modern software, microprocessor, Artificial intelligence 
algorithms and other security and control technologies assisted diagnostic methods. Table 1 displays the 
faults in the induction motor. 


Table 1. Induction motor faults [25] 
Studied by Bearing fault (%) Stator fault(%) Rotor fault (%) Others (%) 
IEEE 42 28 8 22 
EPRI 41 36 9 14 


There are many applications can have used to convert the speed of electrical motor. One of these 
method change the frequency which proportion with speed [26]. The signal of the fault current considered the 
first step of diagnostic the fault inside the electrical motor [27], [28], vibrations [16]-[18], [29]-[32], acoustic 
signals [5], [19], [20], [33]-[35]. In the Figure 1, a taxonomy of the faults in the single phase induction motor 
is shown. 
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Figure 1. Taxonomy of the faults in the single phase induction motor [26] 


Most of the time, the output current and voltage waveforms of inverter devices contain many 
harmonics, and these harmonics exert harmful effects on motor performance, especially at low speeds [10]. 
Many developing countries have resorted to using small inverters, especially in home applications, to supply 
electricity due to interruptions in the power from electrical grids. Home applications use SIMs, fans, water 
motors and others. From another viewpoint, the weak economic situations in many countries push traders to resort 
to importing inverters that work with non-standard specifications. As a result, most home devices are badly 
damaged when they are supplied with non-sinusoidal electricity. The present study tested SIM at different loads 
with power supplied by sinusoidal and non-sinusoidal voltage sources of 220 V at a frequency of 50 Hz. Power, 
power factor, total harmonic distortion, vibration and noise were measured to support the experimental results. 
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2. IMPORTANCE OF THIS STUDY 

Though numerous modern devices are used for fault diagnosis of induction motors in laboratories 
across the globe, the researchers have failed to address the gaps noted in the earlier studies. In this study, the 
researcher has carried out a detailed investigation into the effect of these faults. He also focused on the 
impact of the non-sinusoidal power supplies on the performance of the SIMs, under varying load conditions 
and objectives. The results of the study would allow the engineering designer to understand the different 
faults and their effect on motor performance. This study has attempted to contribute to the knowledge by 
focusing on 4 main issues, i) relationship between the input currents having various faults under different 
operation loads, ii) effect of these faults on the total harmonic distortion (THD) values for the current and 
voltage under different operating loads, iii) the effect of the vibration and power factor (PF) generated by the 
motor during its operation using different loads, and iv) effect of the capacitor-run value on the motor 
operating under different faults. 


3. DESCRIPTION OF SINGLE PHASE INDUCTION MOTOR 

Inductive motors are the most widely used electric machines in industries due to their robust 
installation, low cost and high reliability. These machines can also operate from a horsepower level to very 
high capacity [36]. Therefore, their maintenance must be given due attention to avoid faults. Studies on the 
control of electric motors have been increasing recently. New research and discoveries in universities and 
industries have provided tools for predicting and monitoring motor conditions. Many devices and systems 
have been developed and used extensively in relevant industries and transport. Figure 2 shows different parts 
of the SIM structure. 

In SIM, the auxiliary files remain with the main files during the continuous operation of the motor. 
Motor installation can be simplified by removing the centrifugal switch referred to in the two previous cases. 
Figure 3 shows the connection of SIM’s main and auxiliary windings. The design of the auxiliary files and 
capacitor is based on continuous operation; thus, the motor is equivalent to a perfect two-stage, full-load 
motor in which no reverse field exists, leading to improved efficiency and elimination of noise caused by the 
reverse field. The result is a quiet motor during operation, and a permanent capacitor is adopted to improve 
the power factor during operation. This type of motor is utilised in applications that require minimal sound 
during operation. 


Drive shaft 


Figure 3. The diagram of SIM [36] 
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4. METHOD 

In this work, practical tests were conducted on SIM. The experimental work of this paper was 
completed in the power and electrical machines laboratories of the main office of the Department of 
Electrical Engineering, University of Mosul, Iraq. The rated work values of single phase induction motor 
which have been used in this work is 0.5 HP, 50Hz, and 220 Volts. Figure 4 shown this motor with all 
divices that used in the exprimental tests. The instruments listed below were used to collect the data: 
— Smart oscilloscope, type OWON SDS 9302. 
— Power digital meter, type AEMC Model 8220. 
— Current sensor. 
— Voltage source with a sine wave. 
— Voltage source that is non-sinusoidal. 
For validation, the study’s results were compared with real data from the motor factory. Table 2 shows the 
characteristics of the motor. 


Single phase Induction Motor 
PC to Collect the data | 


Current Sensor 
> ae 


ome 
l. e- 


Smart Oscilloscope 
— = 


we 


Digital power Meter 


Figure 4. The experimental setup to collect the data 


Table 2. Characteristics of single phase induction motor 


Name Value 
V 220 
Hz 50 
HP 1/2 
PH 1 

AMP 3 

RPM 1425 

AMB 40° C 

CAP 16 uF 


The current waveform of SIM was determined by using the current sensor at different loads and 
operating amplitudes. The current waveform was drawn using the oscilloscope, as shown in Figure 3. One of 
the known important readings is the value of input current from the source (sinusoidal and non-sinusoidal). 
The digital power device, shown in Figure 3, was used to determine the value of input current, power and 
power factor. 

In addition, the vibration value of SIM was measured at different loads, different amplitudes and at 
each type of source (sinusoidal and non-sinusoidal). Mechanical load was used to obtain rated current and 
70% of rated current for comparison. The results were read by measurements in the case of operating a SIM 
from a sinusoidal or non-sinusoidal source. The measurements were performed at standard conditions of 
23 °C temperature, 39% humidity and 1016 mbar atmospheric pressure. The results obtained will be 
discussed in detail in the results section. Figure 5 shows the voltage wave of the sinusoidal power supply in 
which the motor was operated, and Figure 6 shows the voltage wave of a non-sinusoidal source that is 
commonly used in shops and homes during power outages. 
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Figure 5. Sinusoidal power supply 
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Figure 6. Non-sinusoidal power supply 


5. RESULTS AND DISCUSSION 

The results of this study are presented in 5 different parts. Part 1 described the current of the motor 
that was operated using the sinusoidal and non-sinusoidal power sources. Figure 7 indicates that the input 
current increased by > 6% if the motor was operated using a non-sinusoidal power supply. An obvious effect 
was noted when the researchers used the non-sinusoidal power supply for operating the motor on the current 
value; and when it was withdrawn from the power source. As the non-sinusoidal waveform showed a 


significant distortion, it generated large and numerous harmonics within the motor. Hence, a higher current is 
used for operating this motor. 
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Figure 7. Input current with different power supply at 100% full load 
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In this study, the researcher determined the effect of the load on the SIM performance. For this 
purpose, they considered different load values while operating the motor using a non-sinusoidal source. The 
current values were measured under different load cases, i.e., full load, zero loads and 70% load. As shown in 
Figures 8(a) and (b), the current indicated value when the motor was not loaded and operated using the 
sinusoidal power supply. On the other hand, the no-load current value is shown when the motor was operated 
using a non-sinusoidal power source. 

All current signals were obtained through the current sensor, and these signals were inputted into a 
computer. Which is used to determine the shape of the current and the amount of change that occurred when 
a non-sinusoidal or sinusoidal power supply was used. Figures 9(a) and (b) shows the current waves at full 
load as the motor operated using different power supplies. 
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Figure 8. Input current with different power supply: (a) no-load current and (b) 70% full load current 
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Figure 9. Current waves in the: (a) smart oscilloscope, type OWON SDS 9302 and (b) current sensor 
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The modern type of plotter (Owen) used and a sensor for accurately plotting the results. 
A difference current from was noted in the waveforms when the motor was operated using different power 
supply sources. The difference in the shape was attributed to different factors, i.e., the effect of the harmonics 
on the sensor activity and the effect of the harmonics on the operation of the electronic circuits within the 
plotter. 

It is important to determine the optimal value of the capacitor that was used in the SIM since it 
significantly affects the noise, vibrations and parasitic torques if an improperly-run capacitor was used in the 
machine. It is also essential to select a proper value of the capacitor. Figure 10 highlights the effect of 
altering the running capacitor values on the performance of the machine when different power sources were 
used for supplying the current. 

The impact of the effect of the capacitor value on the performance of the motors that were supplied 
by the sinusoidal or non-sinusoidal power sources was determined. By, selected many different values from 
the capacitor along with varying loads for determining this effect. As shown in the Figure10, indicated the 
value of the input current for the motor that was powered by a sinusoidal source. On the other hand, the input 
current value for the SIM that was powered using a non-sinusoidal source was displayed. 
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Figure 10. Different values, input current, loads with different values of running capacitor 


Power factor (PF) played a vital role in the AC circuits based on the load. If a large current is 
supplied at a smaller PF value, it could lead to a significantly high voltage loss in the alternator and the 
transmission lines. This would further decrease the load handling capacity of the system. Hence, it is 
necessary to improve the PF for maximising the current-carrying capacity, improving the voltage transmitted 
to the appliance, decrease power losses and reduce electricity bills. Hence, the researchers regarded the PF in 
part 2 of the results presented in the study. Figure 11 described the PF value that was generated under varying 
capacitors and loads. The power factor is considered the second category of the results. Figure 11 displays 
the power factor under different loads and capacitors. Mechanical load was used in this work to load the 
motor, as indicated in Figure 12. shows the input power for the motor when it is supplied by sinusoidal and 
non-sinusoidal power. 
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Figure 12. Input power with different loads and running capacitors 


Additionally, THD was another important parameter that affected the power systems and it needs to 
be set as low as possible. A low THD in the power systems indicates a high PF, low peak currents and better 
efficiency. The nature of the load determines the properties of the current, and thus the PF. For determining 
the parameter that caused differences in the harmonic currents, the researchers investigated the harmonic 
nature of the current waveforms in part 3. 

In this study, the investigation of the harmonics originating from the power source was done. Thus, 
part 4 of the results highlighted the effect of the power source quality on the THD of the currents. They 
assessed the effect of the harmonics on the PF, input power, shape of input current, properties of the motor 
and its performance, as shown in Figures 13 and 14. 

Any unwanted distortion increases the current in the power systems that then increases the 
temperature in the neutral conductors and the distribution transformers. High-frequency harmonics lead to 
further core loss in the motors that results in the excessive heating of the core. Any vibration damages the 
electric motor in different ways. Firstly, it accelerates the bearing failure as it leads to indentations on the 
bearing raceways near the spacer or ball spacing's. Secondly, it could also loosen the windings and 
mechanically damage the insulation by flaking, fracturing or eroding the insulating material. 

The vibration caused in the motor when the motor was supplied with the sinusoidal or non- 
sinusoidal power supplies. Also noted that if they supplied the non-sinusoidal power to the vehicle, it 
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increased the harmonics, which was reflected in its properties and performance. For demonstrating this 
effect, the described results of the vibration that was independent of noise (will be discussed in a future 
study). Figure 15 presents the vibration of the SIM at a full load current. This figure highlighted the vibration 
of the SIM when the motor was supplied with a sinusoidal and a non-sinusoidal power supply, and it was 
completely loaded. Finally, the researchers also determined the effect of the non-sinusoidal power supply on 
the SIM vibrations. Different values of running capacitors were also presented to show the effect of these 
values on motor performance when the motor is operating with different power supplies, as shown in 
Figure 16. 
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Figure 13. THD of the current with the different power supplies 


THD I 


Total Harmonic Distortion for the input Current 


at No-Load 
150 
110 108 
PEA Aai nia es da eee 90 
100 5, jer ie) 
e- 
50 23 284 25 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
C microfarad 


——THDI (sin) - + -THD I (non-sin) 


THD I 


Total Harmonic Distortion for the 
Input Current at 70% -Load 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
C microfarad 


—e—THD I (sin) - » -THD I (non-sin) 


Total Harmonic Distortion for the 
Input Current at 100% -Load 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 


C microfarad 


—e— THD | (sin) 


--e--THD | (non-sin) 


Figure 14. THD of the current with the different power supplies at the different loads 
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Figure 15. The vibration of the motor when works from different power supplies 
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Figure 16. The vibration of motor in different values of running capacitor with different supplies 


6. CONCLUSION 

In this paper, determined the effect of the non-sinusoidal power supply on the properties and 
performance of the SIM. A larger value was noted if the motor was supplied with a non-sinusoidal power 
supply. In this study, the researchers noted the harmonic generator factor and its effect on the performance of 
the induction motor. Their results indicated that the SIMs required a higher current when it was supplied with 
the non-sinusoidal source. A significant difference was noted with regards to the power value that was 
absorbed from the source between the 2 different power supplies. Noted that the PF was ideal if the motor 
was powered with the sinusoidal power source. The current load increased to 89% (i.e., an 11% increase) if 
the motor was operated using a sinusoidal source than the non-sinusoidal source. These results were further 
validated and compared to the experimental data supplied by the manufacturer. The technique used in this 
study was cost-effective and could allow many researchers to detect the issues that arose if they powered an 
induction motor with a non-sinusoidal power source. Furthermore, this study could also help the designers 
establish an appropriate solution for the SIMs that were operated with the non-sinusoidal power supply. 
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